We measure the inclusive branching fractions of charm mesons into three mesons with large s s content, namely, the , 0 and . Data were accumulated with the CLEO-c detector. For D 0 and D rates, we use 281 pb ÿ1 taken on the 3770 resonance, and for D s rates, we use 195 pb ÿ1 taken at 4170 MeV. We find that the production rates of these particles are larger in D s decays than in D 0 and D decays. The rate, in particular, is 15 times greater. These branching fractions can be used to measure B s yields either at the 5S resonance or at hadron colliders.
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I. INTRODUCTION
Inclusive decay rates of charm mesons into mesons with large s s inherent quark content, the , 0 and mesons, are important for studies of both charm and b decays. Nonstrange D mesons are generally expected not to decay into such objects, while the D s is likely to have both s and s quarks present after the primary c ! sW transition, resulting in many more such particles. This is particularly useful in distinguishing between B and B s mesons as the B decays into D's with a large rate of 90%, while the decays into D s are at the 10% level. We expect that the reverse is true for B s mesons. Knowledge of the charm yields into these mesons would allow alternative analyses of B s rates at the 5S or at hadron colliders [1] .
In this analysis we use 281 pb ÿ1 integrated luminosity of CLEO-c data produced in e e ÿ collisions and recorded at the peak of the 00 resonance (3.770 GeV) to study the , 0 and yields in D 0 and D
decays. Production in D s
decays is studied at 4170 MeV, where the cross-section for D s D s is 1 nb [2] . The CLEO-c detector is equipped to measure the momenta and directions of charged particles, identify charged hadrons, detect photons, and determine with good precision their directions and energies. It has been described in more detail previously [3] [4] [5] . We fully reconstruct one of the D mesons at 3.770 GeV or one of the D s mesons at 4.170 GeV to form a specific tag, and then look for cases where the particle produced in association with our tag has a decay of either ! , 0 ! ÿ , ! , or ! K K ÿ . All acceptable track candidates must have a helical trajectory that approaches the event origin within a distance of 5 mm in the azimuthal projection and 5 cm in the polar view, where the azimuthal projection is in the bend view of the solenoidal magnet. Each track must possess at least 50% of the hits expected to be on a track, and it must be within the fiducial volume of the drift chambers, j cosj < 0:93, where is the polar angle with respect to the beam direction.
II. SELECTION OF
We reconstruct 0 's by first selecting photon candidates from energy deposits in the crystals that are not matched to charged tracks and that have deposition patterns consistent with that expected for electromagnetic showers. Pairs of photon candidates are kinematically fit to the known 0 mass [6] . We require the pull, the difference between the reconstructed and known 0 mass normalized by its uncertainty, to be less than three for acceptable 0 candidates.
K S candidates are formed from a pair of charged pions that are constrained to come from a single vertex. We also require that the invariant mass of the two pions be within 4.5 times the width of the K S mass peak, which has an r.m.s. width of 4 MeV. We use both charged particle ionization loss in the drift chamber (dE=dx) and Ring-Imaging Cherenkov (RICH) information to identify kaons and pions used to fully reconstruct D and D s mesons. The RICH is used for momenta above 0:7 GeV=c. The angle of detected Cherenkov photons that were radiated by a particular charged track are translated into an overall likelihood denoted by L i for each particle hypothesis. To differentiate between pion and kaon candidates, we require the difference ÿ2 logL 2 logL K ) to be less than zero. To utilize the dE=dx information, we calculate as the difference between the expected ionization loss for a pion and the measured loss divided by the measurement error. Similarly, K is defined using the expected ionization for a kaon.
We Tagging modes for D 0 and D decays are reconstructed as described previously [7] . Briefly, at the 3770 D meson final states are reconstructed by first evaluating the difference, E, between the energy of the decay products and the beam energy. We fit the E spectrum with a double Gaussian to represent the signal, and a polynomial representing the background. We require the absolute value of this difference to contain 98.8% of the signal events, i. e. to be within 2:5 times the r.m.s width of the peak value. For final states consisting entirely of tracks, the E resolution is 7 MeV. A 0 in the final state degrades this resolution by roughly a factor of 2. Candidates with E consistent with zero are selected, and then the D beamconstrained mass is evaluated,
where i runs over all the final state particles. 
and (e) K s ÿ 0 . The distributions are fit to a Crystal Ball Line shape for the signal and an ARGUS shape obtained from the E sidebands for the background. The regions between the arrows is selected for further analysis.
The Table I lists the numbers of signal and background events within the signal region defined as containing 98.8% of the signal events with m BC below the peak and 95.5% of the signal events above the peak; the interval varies from mode to mode. The numbers of tagged events are determined from fits of the m BC distributions to a signal function plus a background shape. The signal is described by a Crystal Ball Line shape [8, 9] . For the background, we fit with a shape function analogous to one first used by the ARGUS collaboration [10] , which has approximately the correct threshold behavior at large m BC , except for the D 0 ! K ÿ and D 0 ! K ÿ 0 modes where we use a fourth order polynomial. For each tagging mode, the background function is first fit to a m BC distribution that lies within an interval from 5 to 7.5 r.m.s. widths away from the peak of the E distribution. We fix the shape parameters from these fits and then use these functions for background distributions in the signal fits, allowing the normalization to float.
We [6] . We then reconstruct the invariant mass of the D s candidates. The invariant mass distributions of the tagging modes we considered in this analysis are shown in Fig. 4 ; they are listed in Table II , where we also give the number of signal and background events. Here we use only the secondary decays
(More specifically, when appropriate, we require the K invariant mass to be within 100 MeV of the K mass, the ÿ 0 mass to be within 100 MeV of the ÿ mass, the invariant mass minus the mass divided by its error to be less than 3, and the invariant mass of the ÿ minus the mass, for combinations consistent with the hypothesis, to be within 10 MeV of the known 0 ÿ mass difference.)
The D ÿ s signal regions are defined as containing 98.8% of the signal events within an invariant mass window symmetric about the D ÿ s mass peak. The intervals vary from mode to mode. To find the numbers of signal tag events, the invariant mass distributions are fit to a sum of two Gaussian signal functions with the means constrained to be the same and the r.m.s. widths allowed to float. The background function is a second or third order Chebychev polynomial.
We
III. , 0 AND SELECTION
For the we use the final state, which has a measured branching fraction of 39:43 0:26%. To detect 0 we use the ÿ final state, which has a branching fraction of 44:3 1:5%, with the subsequently decaying into . For the we use the K K ÿ final state with a rate of 49:1 0:6% [6] .
The track selection and particle identification requirements for the signal side are identical to those for the tag side, except for momenta less than 0:2 GeV=c, where we loosen the dE=dx consistency requirement to 4 K . This is the case for both D and D s meson tags.
We accept photons only in the best-resolution region of the detector, j cosj < 0:8, where is the angle of the photon with respect to the beam direction. Photon candidates must not be matched to charged tracks, must have a reconstructed energy greater than 30 MeV and have a spatial distribution in the crystals consistent with that of an electromagnetic shower.
Candidates for 0 mesons are selected by combining candidates within 3 r.m.s. widths of the mass, with a and a ÿ . The mass difference between ÿ and is then examined. Both pions forming 0 and kaons forming candidates are required to pass the track selection and particle identification requirements. The signal yield is then extracted from fits to the , 0 ÿ , and mass distributions.
IV. RECONSTRUCTION EFFICIENCIES
The reconstruction efficiencies for , 0 and in our tag samples of D and D s events are shown in Fig. 5 . They are determined from a Monte Carlo simulation of the detector [11] . There is no observable difference in the efficiencies for D 0 and D decays. In the case of the D s , the reconstruction efficiency, especially for the , is lower in the D events. The efficiency falls slowly below 300 MeV=c, and then levels out. Since our aim here is to measure the inclusive branching fractions, we break the sample into two parts, one below 300 MeV=c and the other above. For the 0 , the efficiency is constant with momentum, so we do not separate the data into momentum intervals. The efficiency, on the other hand, changes drastically with momentum and therefore we use several momentum regions. The increase in the efficiency is easily explained by the fact that as the becomes more energetic it is less likely to produce a kaon of p < 0:2 GeV=c, which would cause the event to be rejected.
The simulated efficiency could be inaccurate if the polarization were not correct; this could occur because of a poor choice of the mixture of final states. The data and Monte Carlo, however, show the same polarization. (The observed polarization is almost independent of momentum in both data and Monte Carlo.)
V. SIGNAL YIELDS AND BRANCHING FRACTIONS
The signal yields in this analysis are evaluated by taking the difference between the , 0 and yields opposite selected tags and the yields in samples that estimate the background under the tag peaks. Our procedure is somewhat different for D and D s decays. In the D case, we evaluate the background yields using events in the low and high sidebands of the E distribution from 5 to 7:5 away from the peak. These sidebands are normalized to have the same number of events as the backgrounds under the E peaks. In the D s case we select sidebands in the same interval relative to the peak as for the D but in invariant mass rather than in E. 
A. Inclusive Yields
In Fig. 6 we show the two-photon invariant mass in our two momentum intervals for both signal and sideband regions for D tags; Fig. 7 shows the corresponding distributions for D s tags.
The signal and background yields are determined by fits to a Crystal Ball function, to account for the peak and the low mass tail, and a background polynomial. For the signal D 0 region, the four fit parameters describing the Crystal Ball line shape, three for shape and one for the mean are allowed to float. These parameters are then fixed and used for the D 0 sideband regions and the D and D s signal and sideband regions, since some of these have relatively small yields. Table III lists the yields, the efficiencies, and the branching fractions for the two momentum intervals. (Yields in the highest momentum bin include a small number of events that slightly exceed 1 GeV=c.)
The systematic uncertainties arise from several sources. For the we estimate a detection efficiency error of 2% per photon 1 for a total of 4%. We also include an error due to fitting the Monte Carlo samples. In addition, there is an uncertainty caused by using the efficiency in only two momentum intervals, due to possible variations in these intervals, amounting to 3%. This error is estimated by considering the effects of different parent momentum distributions. The uncertainties on the tag yields are derived by varying the fitting functions. We also have significant contributions from uncertainties on the signal and background fitting function, determined by varying the functions. All the systematic error contributions are listed in Table IV . For the 0 and modes we also list the estimated uncertainties for finding the charged tracks and identifying their species. These differ somewhat between the 0 and because of the different track momenta involved. For the mode we include another additional error source due the lack of efficiency in the first momentum bin that we will discuss in more detail subsequently.
For the rates we find Note that these rates naturally include cascade decays from 0 ! X. 
B. Inclusive
0 Yields We first reconstruct invariant mass as shown above. Then we use mass combinations within 3 of the mass as candidates, where is the r.m.s. width of the mass peak. In Figs. 8 and 9 we show the ÿ -mass difference for D and D s tags from both signal and sideband regions. To determine the yields in this case we fit to a Gaussian signal function and a background polynomial. The signal shapes and means are allowed to float for the signal distributions and fixed to the values obtained there in the corresponding sideband regions.
The signal, background, and background-subtracted yields, the detection efficiency and the branching fraction are given in Table V . The systematic error sources are listed in Table IV . For the charged tracks we estimate a systematic error of 0:7% for track finding 2 and 1% for particle identification.
C. Inclusive Yields
In Figs 
i ) in percent, and the partial branching fractions versus momentum. (Yields in the highest momentum bin include a small number of events that slightly exceed 1 GeV=c.) there are no events above 0:9 GeV=c, while for the D s there are a small number of events above 1:0 GeV=c. Although the measured yields in the lowest momentum bin, 0 < p < 0:2 GeV=c, are quite small, so are the efficiencies. To take into account possible incorrect efficiency estimates in this difficult kinematic region we make an independent estimate of the rate by using the Monte Carlo predicted fraction of the yield. We then take a conservative 100% error on these estimates. The fractions are 2.0%, 2.0% and 3.1%, for D 0 , D and D s , respectively. These correspond to partial branching fractions of 0:02 0:02%, 0:02 0:02%, and 0:5 0:5%, respectively. Using these more reliable estimates for the rates in the first bin, we show the efficiency corrected momentum distributions in Fig. 16 
The systematic uncertainties are listed in Table IV . Because of the difficulty in tracking slow charged kaons, we use an increased systemic error of 2:5% per track in evaluating the efficiency error from track finding. The error due to particle identification remains at 1%. 
VI. CONCLUSIONS
Our results of the inclusive , 0 and production rates from D 0 , D and D s decays are summarized in Table VII . Of the 9 measured rates in this paper, 8 are first measurements and the other one, D 0 ! X, improves the accuracy from 50% to 10%. We are consistent with previous upper limits [6] in the three cases where they exist.
These particles all have significant components of s s. Our results show that 0 and are relatively rare in D 0 and D decay while the which has a lower mass and a significant light quark component, is produced at a significantly higher rate. The , 0 and are all produced at higher rates in D s decays than the corresponding rates from D decays. The ratio of rates is given in 
